Finite element modelling of load bearing steel stud walls under real building fires by Ariyanayagam, Anthony & Mahendran, Mahen
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Ariyanayagam, Anthony Deloge & Mahendran, Mahen (2012) Finite ele-
ment modelling of load bearing steel stud walls under real building fires. In
10th International Conference on Advances in Steel Concrete Composite
and Hybrid Structures, 2-4 July, 2012, Singapore.
This file was downloaded from: http://eprints.qut.edu.au/53258/
c© Copyright 2012 [please consult the author]
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
10
th
 International Conference on Advances in Steel Concrete Composite and Hybrid Structures 
Singapore, 2 – 4July 2012 
Finite Element Modelling of Load Bearing Steel Stud Walls under Real 
Building Fires  
 
Anthony D. Ariyanayagam; Mahen Mahendran 
Science and Engineering Faculty  
Queensland University of Technology, Brisbane, Australia. 
 a.ariyanayagam@qut.edu.au; m.mahendran@qut.edu.au   
Abstract 
Fire safety has become an important part in structural design due to the ever increasing loss of 
properties and lives during fires. Conventionally the fire rating of load bearing wall systems made of 
Light gauge Steel Frames (LSF) is determined using fire tests based on the standard time-temperature 
curve given in ISO 834 (ISO, 1999). The standard time-temperature curve given in ISO 834 (ISO, 
1999) originated from the application of wood burning furnaces in the early 1900s. However, modern 
commercial and residential buildings make use of thermoplastic materials, which mean considerably 
high fuel loads. Hence a detailed fire research study into the performance of LSF walls was 
undertaken using the developed real fire curves based on Eurocode parametric curves (ECS, 2002) 
and Barnett’s BFD curves (Barnett, 2002) using both full scale fire tests and numerical studies. It 
included LSF walls without any insulation, and the recently developed externally insulated composite 
panel system. This paper presents the details of the numerical studies and the results. It also includes 
brief details of the development of real building fire curves and experimental studies.  
1. Introduction 
In recent years, construction industry has shown significant interest in the use of Light gauge 
Steel Frame (LSF) wall panels for residential, industrial and commercial buildings as primary 
load bearing components. When used in buildings as structural elements, it has to satisfy fire 
resistance requirements. Fire testing of LSF wall systems is generally based on the standard 
time-temperature curve given in ISO 834 (ISO, 1999), which originated from the application 
of wood burning furnaces. In reality, modern residential and commercial buildings also 
incorporate synthetic foams and thermoplastic materials. These modern synthetic materials 
increase both the speed of fire growth and heat release rate, thus increasing the fire severity 
than the standard fire curve used to obtain the Fire Resistance Rating (FRR) times.  
The time-temperature curve used in fire tests should represent most of the potential fires in 
buildings. However, the present standard time-temperature curve may not meet this 
requirement. This was shown by many researchers (Lennon and Moore, 2002; Jones, 2002; 
Nyman, 2002 and Abecassis-Empis et al., 2008) using compartment tests, where the 
maximum temperature of a natural fire exceeded the standard ISO curve (ISO 834, 1999) 
within a short period of time from ignition. Hence a research project is currently under way to 
investigate the structural and fire performances of load bearing LSF wall panels under 
realistic fire conditions. This paper presents the details of the numerical studies of load 
bearing LSF wall panels under realistic fire conditions and the results. It also includes brief 
details of the development of real building fire curves and experimental studies. 
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2. Time-Temperature Curves Representing Realistic Building Fires 
The building fire characteristics have to be determined based on three basic parameters 
namely; fuel load, ventilation openings and thermal properties of wall lining materials in a 
compartment. In this study two time-temperature profiles were chosen to represent realistic 
fires by using the above parameters in the Eurocode parametric curve (ECS, 2002) and the 
Barnett’s ‘BFD’ (Barnett, 2002) curve. The parametric curve is linear and very fast, leading 
to a short decay period whereas ‘BFD’ curve takes the natural shape of a fire curve and 
matches the results of actual fire profiles. The compartment characteristics utilized to 
determine the design real building time-temperature curves are presented in Table1. Two 
different opening factors (0.08 & 0.03m
1/2
) were considered in this research to simulate a 
rapid fire and a long-drawn-out fire time-temperature for LSF walls as shown in Fig. 1. 
Table 1: Design fire compartment characteristics 
Compartment Wall and Ceiling 
Lining Type 
Design Fuel 
Load Density 
(MJ/m
2
) 
Opening 
Factor 
(m
1/2
) 
Compartment Thermal 
Inertia (J/m
2
s
1/2
K) 
                                     
Single Plasterboard 
1268 0.08 715 
 
Double Plasterboard 
1268 0.03 702 
External Insulation 
(Rock Fibre) 
1268 0.03 585 
 
 
 
 
 
 
Figure 1: Time-Temperature curves used in fire tests 
3. Experimental Studies 
3.1 Test Set-up and Procedure 
Five full scale fire tests of LSF stud wall panels have been conducted to date. The panel 
consists of four lipped channel stud sections (90x40x15x1.15mm) and two unlipped channel 
track sections (92x50x1.15mm) (Fig. 2). The studs and tracks were 1.15 mm thick and have 
aminimum yield strength of 500 MPa. The test specimen was placed in the loading frame and 
the individual studs were concentrically loaded using four hydraulic ramps connected to a 
pump. An axial compression load (15 kN for T1-T4 and 30 kN for T5) was applied and 
maintained during the fire test. Table 2 gives the details of the load bearing LSF stud test wall 
specimens. Cable type thermocouples connected at many locations along and across the wall 
panels were used to measure the stud and plasterboard surface temperatures. 
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Figure 2: LSF stud wall – single plasterboard (Pb – Plasterboard layer) 
Table 2: Details of fire tests and results 
       Note: * No Failure; Pb – Plasterboard; Ins – Insulation; HF – Hot Flange; LR – Load Ratio 
  
 
 
 
 
 
 
 
 
 
Figure 3: Fire test of LSF wall panel 
 3.2 Test Observations and Results 
In all the fire tests the structural failure of studs initiated the failure instead of insulation or 
integrity failure, except in T1 specimen. Test specimen T1 did not fail during the three hour 
fire test. Also in all the tests Stud-1 which had the 150 mm plasterboard strip on the fire side 
failed, except in T2 test where Stud-2 also failed. The small plasterboard strip was connected 
only to one side (to Stud-1) and the other edge was free. This method of arranging the 
plasterboard vertical joints was preferred to accommodate two similar studs with and without 
vertical joints within the same test specimen (Fig. 2). The results of full scale fire tests are 
summarized in Table 2. It gives the fire resistance ratings (failure times in minutes) of the 
five LSF stud wall specimens.  
LSF Configuration Fire Profile 
Failure 
Time  
Critical Stud 
HF (
o
C) 
T1* 
Double Pb           
(LR=0.2) 
EU-2 (0.03)–Double Pb - 481 (max) 
T2 BFD-2 (0.03)–Double Pb 139 mins 645 
Kolarkar (2010) ISO Curve 111 mins 663 
T3 
Single Pb           
(LR=0.2) 
EU-1 (0.08)–Single Pb 27 mins 561 
T4 BFD-1 (0.08)–Single Pb  39 mins 630 
Kolarkar (2010) ISO Curve 53 mins 550 
T5 External 
Insulation 
(LR=0.4) 
BFD-2 (0.03)–Ext Ins 118 mins 527 
Gunalan (2011) ISO Curve 134 mins 523 
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Figure 4: Average furnace and critical stud hot flange temperatures from fire tests 
The higher rate of temperature rise and the higher peak temperatures than the ISO curve has 
caused the stud temperature to rise faster than in the standard fire tests (Fig. 4a). The 
difference in critical stud hot flange temperatures was small for the wall panel configuration 
of double plasterboard layers and external insulation. However, the BFD-1 critical stud hot 
flange temperature was higher than that in the case of ISO curve for single plasterboard 
specimen T4. Also the temperature that initiated the plasterboard fall-off was different in 
each test. In the BFD-1 (T4) fire test it was about 450
o
C while it was about 550 and 600
o
C for 
EU-1 and ISO fire tests, respectively (Fig. 4a). Hence it appears that the rate of temperature 
rise, peak temperature and its duration have an influence on the plasterboard fall-off time. 
This can also be seen in external insulation test specimen (T5), where the stud hot flange rate 
of temperature rise is higher than that in ISO fire test (Fig. 4b). In specimen T5 the fire 
exposed plasterboard (Pb1) fell off after 100 minutes and the second layer collapsed at 118 
minutes due to the higher temperatures (Fig. 4b). In tests T3 and T4 with rapid temperature 
rise, minor axis flexural/flexural-torsional buckling was observed due to the fall-off of 
plasterboard. This suggests that the plasterboard had calcinated and did not provide the 
required lateral restraint to the studs near failure. Hence the plasterboard lateral restraints 
cannot be used in the FE models of LSF walls subject to rapid fires near the failure point. 
4. Finite Element Modelling 
This study used ABAQUS/CAE 6.9-1 to conduct the numerical modelling of LSF walls. 
Single stud with appropriate loading and boundary conditions was used. Structural analysis 
under axial compression and fire loads can be performed using two methods; namely steady 
state and transient state methods. In the steady state method of analysis, the stud temperature 
was increased to the required level and then the axial compression load was applied until 
failure. In the transient state method that simulates the experimental conditions closely, the 
axial load was applied first and the temperature was then increased each minute until failure. 
Transient state analysis was performed in this study to simulate the experimental conditions.  
4.1 Model Details 
The full length of the stud (2400 mm) was modeled in this numerical study. It included rigid 
end plates connected to the nodes at each end. Shell element type S4R was used for the stud 
and rigid body R3D4 was used for the rigid end plates. A finite element mesh size of 4 mm x 
4 mm was used. The element type and the mesh size were selected based on the studies 
conducted by Gunalan (2011) for similar conditions. In the case of boundary conditions, pin 
support condition was used as in the case of experimental situation. The ends of the stud were 
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restrained about the two major axes (y & z) while the twisting was restrained about x-axis 
(Fig. 5). The axial displacement was restrained along x-axis at one end. The lateral restraint 
provided by the plasterboard was considered along the stud at 300 mm spacings on both hot 
and cold flanges (HF & CF). The measured ambient yield strength of 612 MPa and elasticity 
modulus of 210,260 MPa were used with strain hardening behaviour for the steel stud section.  
 
 
 
 
 
 
 
Figure 5: Boundary conditions and loading for experimental finite element model 
 
 
 
 
 
 
 
 
a. HF and CF Temperature Profiles                    b. Stud Temperature Distribution - FEA 
Figure 6: Stud HF and CF time-temperature profiles used in FEA – T3 and T5 
The elevated temperature steel properties were calculated based on the equations proposed by 
Dolamune Kankanmge and Mahendran (2011) for 1.15 mm thick G500 steel. The Poisson 
ratio was taken as 0.3 and the coefficient of thermal expansion was based on the equation in 
Eurocode 3 Part 1.2 (ECS, 2005).  An initial geometric imperfection of 0.006b (b=plate width) 
was used in the analysis as recommended by Schafer and Pekoz (1996) for stiffened web 
elements. The effect of residual stress was neglected at elevated temperatures. The stud time-
temperature profiles obtained from the experimental study were used in the finite element 
model. The stud’s hot and cold flange (HF and CF) temperatures at failure were extrapolated 
beyond the experimental failure time as shown by dashed lines in Fig. 6a. The LSF wall studs 
were exposed to fire on one side. Hence the temperature was assumed to be constant in the 
hot flange and lip elements, and to vary linearly across the web element. The Finite Element 
Analysis (FEA) input temperature profiles across the stud at a given time are shown in Fig. 6. 
4.2 Transient State Modelling – Results and Discussions 
Web 
HF 
CF 
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Transient state analysis was performed in two steps. The first step was a bifurcation buckling 
analysis, in which the buckling modes were obtained and the lowest buckling mode with an 
initial imperfection was used as input to the nonlinear analysis. In the second step, nonlinear 
analysis was performed in two steps. Firstly, the axial load was incrementally applied at the 
stud’s centroid to the target level at ambient temperature. Maintaining the applied load, the 
measured stud time-temperature profiles shown in Fig. 6 were used to simulate the fire.  
Table 3: Failure times and stud temperatures from fire tests and FEA 
a. Test Specimen – T3    b. Test Specimen – T5 
Figure 7: Comparison of FEA and test stud deformations – T3 and T5 
The accuracy of the developed finite element model of LSF wall stud subject to realistic fires 
was investigated using the stud failure time, axial and lateral deformation curves and mode of 
failure from fire tests. Table 3 results confirm that the failure times predicted by FEA agree 
well with the failure times from fire tests. In FEA the average temperatures measured at every 
quarter of the height along the failed stud was used. For Test T3 and T4 specimens the mid-
height temperature profile was used as the temperatures were only measured at mid-height 
for the failed edge studs (S1). Hence any difference in FEA and test results may be due to the 
average temperature values and approximations used in the temperature distributions.  Fig. 7a 
and 7b show the axial deformation and the mid-height lateral deformations for specimens T3 
and T5 from tests and FEA. These deformation profiles with time also agreed reasonably well 
with fire test results. In the fire tests, the lateral deflection near the failure reversed its 
direction and moved away from the furnace. In FEA the lateral deflection continued to 
increase towards the furnace at failure. The stud bends towards the hot side due to thermal 
bowing effects, and the neutral axis shift due to loss of stiffness will initiate the reversal of its 
movement whereas in the tests the eccentric loading caused by thermal bowing might have 
caused the reversal of the lateral displacement.  
 
LSF Configuration 
Fire tests FEA (Transient state analyses) 
Failure  
Time  
Stud   
HF (
o
C) 
Stud   
CF (
o
C) 
Failure 
Time  
Stud   
HF (
o
C) 
Stud   
CF (
o
C) 
T1 Double Pb          
(LR=0.2) 
- 481 415 - - - 
T2 139 mins 645 546 136 mins 590 511 
T3 Single Pb           
(LR=0.2) 
27 mins 561 283 27 mins 561 283 
T4 39 mins 630 258 37 mins 497 245 
T5 
External Ins 
(LR=0.4) 
118 mins 527 445 122 mins 557 416 
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a. Test Specimen – T2    b. Test Specimen – T3 
Figure 8: Failure modes obtained from fire tests and FEA - Transient analysis 
 
 
 
 
 
 
Figure 9: Steady state analysis failure modes – Test specimen T3 
The failure mode of test specimen T2 and FEA showed the occurrence of local buckling in 
the stud at failure. In FEA this can be seen along the stud and also at the supports (Fig. 8a) 
whereas in the test it was observed only at mid-height. Test specimen T3 failed by minor axis 
flexural/flexural-torsional buckling due to the fall-off of plasterboard closer to the failure 
point. The finite element model of this specimen also included plasterboard lateral restraints. 
The nonlinear analysis results using this model gave a failure time of 27 minutes, ie. exactly 
the same as fire test failure time. However, only local buckling was observed near the 
supports (Fig. 8b). This is due to the assumption of plasterboard lateral restraint throughout 
the fire test. Therefore in order to allow for the loss of lateral restraint caused by plasterboard 
fall-off, the plasterboard restraints were removed in the hot flange up to the mid-height of the 
stud and a steady state analysis was performed. In the steady state analysis the stud 
temperatures at failure (27
th
 minute) were used first, and then the axial compression load was 
increased until failure. The FEA results in this case showed flexural-torsional buckling of the 
stud near the top. The failure load was 13 kN, indicating the accuracy of the model. Further 
investigation is in progress to improve the finite element model so that it is capable of 
simulating the failure modes observed in the fire tests. Regardless of these differences in the 
failure modes, the model agreed well in terms of the failure time and time-deformation curves. 
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5. Conclusions 
The LSF stud wall panels tested under realistic building fires were investigated using finite 
element analyses in this paper. Appropriate finite element models were developed and their 
results were compared with fire test results. Although the failure times and the time-
deformation profiles from FEA agreed well with fire test results, the failure modes remain 
inconclusive, especially for the single plasterboard lined wall studs where the plasterboard 
fall-off influenced the failure mode. Currently further improvements are being considered for 
the finite element model to enhance its ability to simulate the behaviour of LSF wall panels 
under real fires. These improvements and results will be presented at the conference. 
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